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Lesson 1: Posing Statistical Questions

Statistics is about using data to answer questions. In this module, the following four steps will summarize
your work with data:

Step 1: Pose a question that can be answered by data.
Step 2: Determine a plan to collect the data.
Step 3: Summarize the data with graphs and numerical summaries.

Step 4: Answer the question posed in Step 1 using the data and summaries.

You will be guided through this process as you study these lessons. This first lesson is about the first step —
what is a statistical question, and what does it mean that a question can be answered by data?

Classwork
Example 1: What is a Statistical Question?

Jerome, a 6" grader at Roosevelt Middle School, is a huge baseball fan. He loves to collect baseball cards. He
has cards of current players and of players from past baseball seasons. With his teacher’s permission, Jerome
brought his baseball card collection to school. Each card has a picture of a current or past major league
baseball player, along with information about the player. When he placed his cards out for the other
students to see, they asked Jerome all sorts of questions about his cards. Some asked:

=  How many cards does Jerome have altogether?

=  What is the typical cost of a card in Jerome’s collection?

= Where did Jerome get the cards?
Exercises 1-5

1. For each of the following, determine whether or not the question is a statistical question. Give a reason
for your answer.

a. Who is my favorite movie star?
b. What are the favorite colors of 6" graders in my school?

¢. How many years have students in my school’s band or orchestra played an instrument?
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d. What is the favorite subject of 6" graders at my school?

e. How many brothers and sisters does my best friend have?

2. Explain why each of the following questions is not a statistical question.

a. HowoldamI?
b. What’s my favorite color?
c. How oldis the principal at our school?

3. Ronnie, a 6" grader, wanted to find out if he lived the farthest from school. Write a statistical question
that would help Ronnie find the answer.

4. Write a statistical question that can be answered by collecting data from students in your class.

5. Change the following question to make it a statistical question: “How old is my math teacher?”
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Example 2: Types of Data

We use two types of data to answer statistical questions: numerical data and categorical data. If we
recorded the age of 25 baseball cards, we would have numerical data. Each value in a numerical data set is a
number. If we recorded the team of the featured player for 25 baseball cards, you would have categorical
data. Although you still have 25 data values, the data values are not numbers. They would be team names,
which you can think of as categories.

Exercises 6—7

6. Identify each of the following data sets as categorical (C) or numerical (N).
a. Heights of 20 6" graders
b. Favorite flavor of ice cream for each of 10 6 graders
c. Hours of sleep on a school night for 30 6" graders
d. Type of beverage drank at lunch for each of 15 6% graders
e. Eye color for each of 30 6" graders
f.  Number of pencils in each desk of 15 6™ graders

7. For each of the following statistical questions, students asked Jerome to identify whether the data are
numerical or categorical. Explain your answer, and list four possible data values.

a. How old are the cards in the collection?
b. How much did the cards in the collection cost?

c¢.  Where did you get the cards?
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Lesson 2: Displaying a Data Distribution

Classwork
Example 1: Heart Rate

Mia, a 6™ grader at Roosevelt Middle School, was thinking about joining the middle school track team. She
read that Olympic athletes have lower resting heart rates than most people. She wondered about her own
heart rate and how it would compare to other students. Mia was interested in investigating the statistical
question: “What are the heart rates of the students in my 6% grade class?”

Heart rates are expressed as bpm (or beats per minute). Mia knew her resting heart rate was 80 beats per
minute. She asked her teacher if she could collect the heart rates of the other students in her class. With the
teacher’s help, the other 6" graders in her class found their heart rates and reported them to Mia. Following
are the heart rates (in beats per minute) for the 22 other students in Mia’s class:

89 87 85 84 90 79 83 85 86 88 84 81 88 85 83 83 86 82 83 86 82 84

To learn about the heart rates, a good place to start is to make a graph of the data. There are several different
graphs that could be used, including the three types of graphs that you will learn in this module: dot plots,
histograms, and box plots. In this lesson, you will learn about dot plots.

Mia noticed that there were many different heart rates. She decided to make a dot plot to show the different
heart rates. She drew a number line and started numbering from 78 to 92. She then placed a dot above the
number on the number line for each heart rate. If there was already a dot above a number she added
another dot above the one already there. She continued until she had added one dot for each heart rate.

Dot Plot of Heart Rate

-
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Heart Rate (bpm)
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Exercises 1-10

1. What was the heart rate for the student with the lowest heart rate?
2. What was the heart rate for the student with the highest heart rate?
3. How many students had a heart rate greater than 867?

4. What fraction of the students had a heart rate less than 82?

5. What is the most common heart rate?

6. What heart rate describes the center of the data?

7. What heart rates are the most unusual heart rates?

8. If Mia’s teacher asked what the typical heart rate is for 6 graders in the class, what would you tell Mia’s
teacher?

9. Onthe dot plot add a dot for Mia’s heart rate.

10. How does Mia’s heart rate compare with the heart rates of the other students in the class?
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Example 2: Seeing the Spread in Dot Plots

Mia’s class collected data to answer several other questions about her class. After they collected data, they
drew dot plots of their findings.

Here is a dot plot showing the data collected to answer the question: “How many textbooks are in the desks
of 6™ graders?”

Dot Plot of Number of Textbooks
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Number of Textbooks

When the students thought about this question, many said that they all had about the same number of books
in their desk since they all take the same subjects in school.

The class noticed that the graph was not very spread out since there were only four different answers that
students gave, with most of the students answering that they had 6 books in their desk.

Another student wanted to ask the question: “How tall are the 6" graders in our class?” When students
thought about this question, they thought that the heights would be spread out since there were some
shorter students and some very tall students in class. Here is a dot plot of the students’ heights:

Dot Plot of Height
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Exercises 11-14

Listed are four statistical questions and four different dot plots of data collected to answer these questions.
Match each statistical question with the appropriate dot plot. Explain each of your choices.

Statistical Question:

11. What are the ages of 4™ graders in our school?

12. What are the heights of the players on the 8" grade boys’ basketball team?

13. How many hours do 6% graders in our class watch TV on a school night?

14. How many different languages do students in our class speak?

Dot plot A Dot
plot
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Classwork
Example 1: Hours of Sleep

Robert, a 6™ grader at Roosevelt Middle School, usually goes to bed around 10:00 p.m. and gets up
around 6:00 a.m. to get ready for school. That means that he gets about 8 hours of sleep on a school
night. He decided to investigate the statistical question: How many hours per night do 6 graders
usually sleep when they have school the next day?

Robert took a survey of 29 6™ graders and collected the following data to answer the question:
785999771010119 8881261110 8 8 9 9 9 8109 9 8

Robert decided to make a dot plot of the data to help him answer his statistical question. Robert first
drew a number line and labeled it from 5 to 12 to match the lowest and highest number of hours
slept.

5 6 7 8 9 10 11 12

Number of Hours Slept

He then placed a dot above 7 for the first piece of data he collected. He continued to place dots
above the numbers until each number was represented by a dot.
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5 6 7 8 9 10 11 12

Number of Hours Slept

Exercises 1-9

1.

Complete Robert’s dot plot by placing a dot above the number on the number line for each
number of hours slept. If there is already a dot above a number, then add another dot above the
dot already there.

What are the least and the most hours of sleep reported in the survey of 6™ graders?

What is the most common number of hours slept?

How many hours of sleep describes the center of the data?

Think about how many hours of sleep you usually get on a school night. How does your number
compare with the number of hours of sleep from the survey of 6" graders?

Here are the data for the number of hours 6% graders sleep when they don’t have school the next

day:

781011561213 1379 81012 11 1289 10 11 10 12 11 11 11 12 11 11 10

6.

7.

Make a dot plot of the number of hours slept when there is no school the next day.

How many hours of sleep with no school the next day describe the center of the data?
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8. What are the least and most hours slept with no school the next day reported in the survey?

9. Do students sleep longer when they don’t have school the next day than they do when they do
have school the next day? Explain your answer using the data in both dot plots.

Example 2: Building and Interpreting a Frequency Table

A group of 6" graders investigated the statistical question: “How many hours per week do 6%
graders spend playing a sport or outdoor game?”

Here are the data the students collected from a sample of 26 6™ graders showing the number of
hours per week spent playing a sport or a game outdoors:

320633311228124443311006 232

To help organize the data, the students placed the number of hours into a frequency table. A
frequency table lists items and how often each item occurs.

To build a frequency table, first draw three columns. Label one column “Number of Hours Playing a
Sport/Game,” label the second column “Tally,” and the third column “Frequency.” Since the least
number of hours was 0, and the most was 12, list the numbers from 0 to 12 under the “Number of
Hours” column.

Number of Hours
Playing a Tally Frequency
Sport/Game

0

1
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10

11

12

As you read each number of hours from the survey, place a tally mark opposite that number. The
table shows a tally mark for the first number 3.

Exercises 10-15

10. Complete the tally mark column.

Number of hours Tally Frequency
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11. For each number of hours, find the total number of tally marks and place this in the frequency
column.

12. Make a dot plot of the number of hours playing a sport or playing outdoors.
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13. What number of hours describes the center of the data?

14. How many 6™ graders reported that they spend eight or more hours a week playing a sport or
playing outdoors?

15. The 6" graders wanted to answer the question, “How many hours do 6™ graders spend per week
playing a sport or playing an outdoor game?” Using the frequency table and the dot plot, how
would you answer the 6™ graders question?

Lesson 4: Creating a Histogram

Classwork
Example 1: Frequency Table with Intervals

The boys and girls basketball teams at Roosevelt Middle School wanted to raise money to help buy
new uniforms. They decided to sell hats with the school logo on the front to family members and
other interested fans. To obtain the correct hat size, the students had to measure the head
circumference (distance around the head) of the adults who wanted to order a hat. The following
data represents the head circumferences, in millimeters (mm), of the adults:

513,525,531,533,535, 535,542, 543,546,549, 551, 552,552,553, 554, 555,560,561, 563,563, 56
565,568,568,571,571,574,577,580, 583, 583,584, 585,591, 595, 598,603,612,618

The hats come in six sizes: XS, S, M, L, XL, and XXL. Each hat size covers a span of head
circumferences. The hat manufacturer gave the students the table below that shows the interval of
head circumferences for each hat size. The interval 510 — < 530 represents head circumferences
from 510 to 530, not including 530.

Hat Sizes . Interval of Head Tally Frequency
Circumferences (mm)
XS 510—< 530
S 530—< 550
M 550—-< 570
L 570—< 590
XL 590-< 610
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XXL 610—< 630 [ 2

Exercises 1-4

1. If someone has a head circumference of 570, what size hat would they need?

2. Complete the tally and frequency columns in the table to determine the number of each size hat
the students need to order for the adults who wanted to order a hat.

3. What hat size does the data center around?

4. Describe any patterns that you observe in the frequency column?

Example 2: Histogram

One student looked at the tally column and said that it looked somewhat like a bar graph turned on
its side. A histogram is a graph that is like a bar graph, except that the horizontal axis is a number
line that is marked off in equal intervals.

To make a histogram:

=  Draw a horizontal line and mark the intervals.

=  Draw a vertical line and label it “frequency.”

=  Mark the frequency axis with a scale that starts at 0 and goes up to something that is
greater than the largest frequency in the frequency table.

=  For each interval, draw a bar over that interval that has a height equal to the frequency for
that interval.
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The first two bars of the histogram have been drawn below.
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0 510 530 550 570 590 610 630
Head Circumference (mm)

Exercises 5-9

5. Complete the histogram by drawing bars whose heights are the frequencies for those intervals.

6. Based on the histogram, describe the center of the head circumferences.
7. How would the histogram change if you added head circumferences of 551 and 569?

8. Because the 40 head circumference values were given, you could have constructed a dot plot to
display the head circumference data. What information is lost when a histogram is used to
represent a data distribution instead of a dot plot?

9. Suppose that there had been 200 head circumference measurements in the data set. Explain
why you might prefer to summarize this data set using a histogram rather than a dot plot.
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Example 3: Shape of the Histogram

A histogram is useful to describe the shape of the data distribution. It is important to think about the
shape of a data distribution because depending on the shape, there are different ways to describe
important features of the distribution, such as center and variability.

A group of students wanted to find out how long a certain brand of AA batteries lasted. The
histogram below shows the data distribution for how long (in hours) that some AA batteries lasted.
Looking at the shape of the histogram, notice how the data “mounds” up around a center of
approximately 105. We would describe this shape as mound shaped or symmetric. If we were to
draw a line down the center, notice how each side of the histogram is approximately the same or
mirror images of each other. This means the graph is approximately symmetrical.

Histogram of Battery Life
16
14
124
[y
g 10-
g
[T
i
6_
4_
2_
04 } }
0 75 85 95 105 115 125 135

Battery Life (hours)

Another group of students wanted to investigate the maximum drop length for roller coasters. The
histogram below shows the maximum drop (in feet) of a selected group of roller coasters. This
histogram has a skewed shape. Most of the data are in the intervals from 50 to 170. But there are
two values that are unusual (or not typical) when compared to the rest of the data. These values are
much higher than most of the data.

Histogram of Maximum Drop
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Exercises 10-12

10. The histogram below shows the highway miles per gallon of different compact cars.

Histogram of Highway Mileage

Rrequency
(V%)

0 28 1 34 37 40 43 46 49 52
Highway Mileage (mpg)

a. Describe the shape of the histogram as approximately symmetric, skewed left, or skewed
right.

|”

b. Draw a vertical line on the histogram to show where the “typical” number of miles per

gallon for a compact car would be.

c.  What does the shape of the histogram tell you about miles per gallon for compact cars?

11. Describe the shape of the head circumference histogram that you completed in Exercise 5 as
approximately symmetric, skewed left, or skewed right.
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12. Another student decided to organize the head circumference data by changing the width of each
interval to be 10 instead of 20. Below is the histogram that the student made.

Histogram of Head Circumference

Rrequency

D A T T T
0 500 510 520 530 340 550 560 570 3580 590 600 610 620 &30
Head Circumference (mm)

a. How does this histogram compare with the histogram of the head circumferences that you
completed in Exercise 5?

b. Describe the shape of this new histogram as approximately symmetric, skewed left, or
skewed right.

c. How many head circumferences are in the interval from 570 to 5907

d. In what interval would a head circumference of 571 be included? In what interval would a
head circumference of 610 be included?
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Lesson 6: Describing the Center of a Distribution Using the Mean

Classwork
Example 1

Recall that in Lesson 3, Robert, a 6™ grader at Roosevelt Middle School, investigated the number of hours of
sleep sixth grade students get on school nights. Today, he is to make a short report to the class on his
investigation. Here is his report.

“| took a survey of 29 6" graders asking them ‘How many hours of sleep per night do you usually get when
you have school the next day?’ The first thing | had to do was to organize the data. | did this by drawing a dot
plot.

Dot Plot of Number of Hours of Sleep

. ; H 2
6 7 9 10 11 12
Number of Hours of Sleep on a School Night

oee
0 weesesse
Heccccsce

Part of our lessons last week was to identify what we thought was a centering point of the data, the spread of
the data, and the shape of the data. So, for my data, looking at the dot plot, | would say that the typical
number of hours sixth-grade students sleep get when they have school the next day is around 8 or 9 because
that is what most students said and the values are kind of in the middle. | also noticed that the data were
spread out from the center by about three or four hours in both directions. The shape of the distribution is
kind of like a mound.”

Michelle is Robert’s classmate. She liked his report but has a really different thought about determining the
center of the number of hours of sleep. Her idea is to even out the data in order to determine a typical or
center value.
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Exercises 1-6

Suppose that Michelle asks ten of her classmates for the number of hours they usually sleep when there is
school the next day.

Suppose they responded (in hours): 8 10 8 8 11 11 9 8 10 7

1. How do you think Robert would organize his data? What do you think Robert would say is the center of
these ten data points? Why?

2. Do you think his value is a good measure to use for the “center” of Michelle’s data set? Why or why not?

Michelle’s “center” is called the mean. She finds the total number of hours of sleep for each of the ten
students. That is 90 hours. She has 90 Unifix cubes (Snap cubes). She gives each of the ten students the
number of cubes that equals the number of hours of sleep each had reported. She then asks each of the ten
students to connect their cubes in a stack and put their stacks on a table to compare them. She then has
them share their cubes with each other until they all have the same number of cubes in their stacks when
they are done sharing.

3. Workin a group. Each group of students gets 90 cubes. Make ten stacks of cubes representing the
number of hours of sleep for each of the ten students. Using Michelle’s Method, how many cubes are in
each of the ten stacks when they are done sharing?

4. Noting that one cube represents one hour of sleep, interpret your answer to Exercise 3 in terms of
“number of hours of sleep.” What does this number of cubes in each stack represent? What is this value
called?

5. Suppose that the student who told Michelle he slept 7 hours changes his data entry to 8 hours. You will
need to get one more cube from your teacher. What does Michelle’s procedure now produce for her
center of the new set of data? What did you have to do with that extra cube to make Michelle’s
procedure work?
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6. Interpret Michelle’s “fair share” procedure by developing a mathematical formula that results in finding
the fair share value without actually using cubes. Be sure that you can explain clearly how the fair share
procedure and the mathematical formula relate to each other.

Example 2

Suppose that Robert asked five sixth graders how many pets each had. Their responses were 2, 6, 2, 4, 1.
Robert showed the data with cubes as follows:

7

Note that one student has one pet, two students have two pets each, one student has four pets, and one
student has six pets. Robert also represented the data set in the following dot plot.

Dot Plot of Number of Pets
1 3 3 4 5 '

Number of Pets
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Robert wants to illustrate Michelle’s fair share method by using dot plots. He drew the following dot plot and
said that it represents the result of the student with six pets sharing one of her pets with the student who has

one pet.

Dot Plot of Number of Pets

; L : :
3 4 3 i}
Number of Pets

Pl e

Robert also represented the data with cubes as shown below.

Exercises 7-10
Now continue distributing the pets based on the following steps.

7. Robert does a fair share step by having the student with five pets share one of her pets with one of the
students with two pets.
a. Draw the cubes representation that shows Robert’s fair share step.

b. Draw the dot plot that shows Robert’s fair share step.
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8. Robert does another fair share step by having one of the students who has four pets share one pet with
one of the students who has two pets.

a. Draw the cubes representation that shows Robert’s fair share step.

b. Draw the dot plot that shows Robert’s fair share step.

9. Robert does a final fair share step by having the student who has four pets share one pet with the student
who has two pets.

a. Draw the cubes representation that shows Robert’s final fair share step.

b. Draw the dot plot representation that shows Robert’s final fair share step.

10. Explain in your own words why the final representations using cubes and a dot plot show that the mean
number of pets owned by the five students is 3 pets.
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Lesson 7: The Mean as a Balance Point

In Lesson 3, Robert gave us an informal interpretation of the center of a data set. In Lesson 6, Michelle
developed a more formal interpretation of the center as a “fair share” mean, a value that every person in the
data set would have if they all had the same value. In this lesson, Sabina will show us how to interpret the
mean as a “balance point.”

Classwork
Example 1: The Mean as a Balance Point

Sabina wants to know how long it takes students to get to school. She asks two students how long it takes
them to get to school. It takes one student 1 minute and the other student 11 minutes. Sabina represents
these data on a ruler putting a penny at 1 and another at 11 and shows that the ruler balances on the eraser
end of a pencil at 6. Note that the mean of 1 and 11 is also 6. Sabina thinks that there might be a connection
between the mean of two data points and where they balance on a ruler. She thinks the mean may be the
balancing point. What do you think? Will Sabina’s ruler balance at 6? Is the mean of 1 and 11 equal to 6?
Sabina shows the result on a dot plot.

Dot Plot of Number of Minutes

5 6 7 8 9 10 11 12
Number of Minutes

e
P
Lad
S

Sabina decides to move the penny at 1 to 4 and the other penny from 11 to 8 on the ruler, noting that the
movement for the two pennies is the same distance but in opposite directions. She notices that the ruler still
balances at 6. Sabina decides that if data points move the same distance but in opposite directions, the
balancing point on the ruler does not change. Does this make sense? Notice that this implies that the mean
of the time to get to school for two students who take 4 minutes and 8 minutes to get to school is also 6
minutes.

Sabina continues by moving the penny at 4 to 6. To keep the ruler balanced at 6, how far should Sabina move
the penny at 8 and in what direction? Since the penny at 4 moved two to the right, to maintain the balance
the penny at 8 needs to move two to the left. Both pennies are now at 6, and the ruler clearly balances
there. Note that the mean of these two values (6 minutes and 6 minutes) is still 6 minutes.
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Example 2: Understanding Deviations

In the above example using two pennies, it appears that the balance point of the ruler occurs at the mean
location of the two pennies. We computed the distance from the balance point to each penny location and
treated the distances as positive numbers. In statistics, we calculate a difference by subtracting the mean
from the data point and call it the deviation of a data point from the mean. So, points to the left of the mean
are less than the mean and have a negative deviation. Points to the right of the mean are greater than the
mean and have a positive deviation.

Let’s look at Sabina’s initial placement of pennies at 1 and 11 with a mean at 6 on the graph below. Notice
that the deviations are +5 and —5. What is the sum of the deviations?

i The deviation from 1 to the The deviation from 11 to the §
meanis: 1—-6=-5 meanis: 11 — 6 =+5

1 2 3 4 5 6 7 8 9 10 11 12

L J
r 3

Similarly, when Sabina moved the pennies to 4 and 8, the deviation of 4 from 6 is 4 — 6 = —2, and the
deviation of 8 from 6 is 8 — 6 = +2. Here again, the sum of the two deviations is 0, since =2 + 2 = 0. It
appears that for two data points the mean is the point when the sum of its deviations is equal to 0.

Exercises 1-2
Imagine if one penny was located at 2.5 and the mean was at 6.

1. Where would the second penny be located?

2. Calculate the deviations of the two pennies and show that the sum of the deviations is 0.

COMMON Module: Statistics n
Il cort Date: s engage™

) This work is licensed under a
© 2013 Common Core, Inc. Some rights reserved. commoncore.org ﬁ:c BY-NC-SA Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

S.24




NYS COMMON CORE MATHEMATICS CURRICULUM Student Classwork m

Example 3: Balancing More than Two Points

Sabina wants to know what happens if there are more than two data points. Suppose there are three
students. One student lives 2 minutes from school, and another student lives 9 minutes from school. If the
mean time for all three students is 6 minutes, she wonders how long it takes the third student to get to
school. She tapes pennies at 2 and 9 and by experimenting finds the ruler balances with a third penny placed
at 7. To check what she found, she calculates deviations.

. +3

3 -0 @

aL ||||||| ||||||||||| |||| |||||| I ||||| ||‘ ] MY M |||| || T ||||| L
1 2 3 4 5 8 9 10 11 12

A

The data point at 2 has a deviation of —4 from the mean. The data point at 7 has a deviation of +1 from the
mean. The data point at 9 has a deviation of +3 from the mean. The sum of the three deviations is 0, since
—4 + 1+ 3 = 0. So, the mean is indeed 6 minutes.

Robert says that he found out that the third penny needs to be at 7 without using his ruler. He put 2 and 9
on a dot plot. He says that the sum of the two deviations for the points at 2 and 9 is —1, since =4 + 3 =
—1. So, he claims that the third data point would require a deviation of +1 to make the sum of all three
deviations equal to 0. That makes the third data point 1 minute above the mean of 6 minutes, which is 7
minutes.

Exercises 3-5
Imagine you are balancing pennies on a ruler.

3. Suppose you place one penny each at 3, 7, and 8 on your ruler.

a. Sketch a picture of the ruler. At what value do you think the ruler will balance? Mark the balancing
point with the symbol A.

III|I|I‘I|I|I|I|I|I|I|I‘I|I|I|I|III|I|I‘I|I|I|I|I|I|I|I‘I|I|I|I|I|I|I|I‘I|I|I|I|I|I|I|I‘I|I|I|I
1 2 3 4 S 6 7 8 9 10 11

12
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b. Whatisthe mean of 3, 7, and 8? Does your ruler balance at the mean?

c. Show part (a) on a dot plot. Mark the balancing point with the symbol A.

d. What are the deviations from each of the data points to the balancing point? What is the sum of the
deviations? What is the value of the mean?

4. Now suppose you place a penny each at 7 and 9 on your ruler.

a. Draw a dot plot representing these two pennies.

b. Estimate where to place a third penny on your ruler so that the ruler balances at 6 and mark the
point on the dot plot above. Mark the balancing point with the symbol A.

c. Explain why your answer in part (b) is true by calculating the deviations of the points from 6. Is the
sum of the deviations equal 0?
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5. Suppose you place two pennies at 7 and one penny at 9 on your ruler.

a. Draw a dot plot representing these three pennies.

b. Estimate where to place a fourth penny on your ruler so that the ruler balances at 6 and mark the
point on the dot plot above. Mark the balancing point with the symbol A.

c. Explain why your answer in part (b) is true by calculating the deviations of the points from 6. Does
the sum of the deviations equal 0?

Example 4: Finding the Mean

Not all data distributions on a ruler are going to have a “fair share” mean, or “balance point” of 6. What if the
data were 1, 3, and 8? Will your ruler balance at 6? Why not?

-5 +2

Notice that the deviation of 1 from 6 is —5. The deviation of 3 from 6 is —3. The deviation of 8 from 6 is +2.
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The sum of the deviations is —6, since =5 + (—3) + 2 = —6. The sum should be 0. Therefore, the mean is
not at 6. Is the mean greater than 6 or less than 6? The sum of the deviations is negative. To decrease the
negative deviations and increase the positive deviations, the balance point would have to be less than 6.

Let’s see if the balance pointis at 5. The deviation of 1 from 5 is —4. The deviation of 3 from 5 is —2. The
deviation of 8 from 5 is +3. The sum of the three deviations is —3, since —4 + (—2) + 3 = —3. That’s closer
to 0 than before.

Let’s keep going and try 4 as the balance point. The deviation of 1 from 4 is - 3. The deviation of 3 from 4 is
—1. The deviation of 8 from 4 is +4. The sum of the deviations is 0, since =3 + (=1) + 4 = 0. The
balancing point of the data distribution of 1, 3, and 8 shown on your ruler or on a dot plotis at 4. The mean
of 1, 3, and 8 is 4.

Exercise 6
Use what you have learned about the mean to answer the following questions.

6. Recallin Lesson 6 that Michelle asked ten of her classmates for the number of hours they usually sleep
when there is school the next day. Their responses (in hours) were 8, 10, 8, 8,11, 11, 9, 8, 10, 7.

a. It’s hard to balance ten pennies. Instead of actually using pennies and a ruler, draw a dot plot that
represents the data set.

b. Use your dot plot to find the balance point. What is the sum of the deviations of the data points
from the fair share mean of 9 hours?
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Lesson 8: Variability in a Data Distribution

Classwork
Example 1: Comparing Two Distributions

Robert’s family is planning to move to either New York City or San Francisco. Robert has a cousin in San
Francisco and asked her how she likes living in a climate as warm as San Francisco. She replied that it doesn’t
get very warm in San Francisco. He was surprised, and since temperature was one of the criteria he was
going to use to form his opinion about where to move, he decided to investigate the temperature
distributions for New York City and San Francisco. The table below gives average temperatures (in degrees
Fahrenheit) for each month for the two cities.

City Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
New York City | 39 | 42 | 50 | 61 | 71 | 81 |85| 84 | 76 | 65 | 55 | 47
San Francisco | 57 | 60 | 62 | 63 | 64 | 67 |67 | 68 | 70 | 69 | 63 | 58

Exercises 1-2
Use the table above to answer the following:

1. Calculate the annual mean monthly temperature for each city.

2. Recall that Robert is trying to decide to which city he wants to move. What is your advice to him based
on comparing the overall annual mean monthly temperatures of the two cities?
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Example 2: Understanding Variability

In Exercise 2, you found the overall mean monthly temperatures in both the New York City distribution and
the San Francisco distribution to be about the same. That didn’t help Robert very much in making a decision
between the two cities. Since the mean monthly temperatures are about the same, should Robert just toss a
coin to make his decision? Is there anything else Robert could look at in comparing the two distributions?

Variability was introduced in an earlier lesson. Variability is used in statistics to describe how spread out the
data in a distribution are from some focal point in the distribution (such as the mean). Maybe Robert should
look at how spread out the New York City monthly temperature data are from its mean and how spread out
the San Francisco monthly temperature data are from its mean. To compare the variability of monthly
temperatures between the two cities, it may be helpful to look at dot plots. The dot plots for the monthly
temperature distributions for New York City and San Francisco follow.

Dot Plot of Temperature for New York City Dot Plot of Temperature for San Francisco
L B . [l [} ? — 11 2 — — 29 seo o ol Y
40 45 50 55 60 65 70 75 80 85 40 45 50 55 60 65 70 75 80 85
Temperature (degrees F) Temperature (degrees F)

Exercises 3—7
Use the dot plots above to answer the following:

3. Mark the location of the mean on each distribution with the balancing A symbol. How do the two
distributions compare based on their means?

4. Describe the variability of the New York City monthly temperatures from the mean of the New York City
temperatures.
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5. Describe the variability of the San Francisco monthly temperatures from the mean of the San Francisco
monthly temperatures.

6. Compare the amount of variability in the two distributions. Is the variability about the same, or is it
different? If different, which monthly temperature distribution has more variability? Explain.

7. If Robert prefers to choose the city where the temperatures vary the least from month to month, which
city should he choose? Explain.

Example 3: Using Mean and Variability in a Data Distribution

I”

The mean is used to describe the “typical” value for the entire distribution. Sabina asks Robert which city he
thinks has the better climate? He responds that they both have about the same mean, but that the mean is a
better measure or a more precise measure of a typical monthly temperature for San Francisco than it is for
New York City. She’s confused and asks him to explain what he means by this statement.

Robert says that the mean of 63 degrees in New York City (64 in San Francisco) can be interpreted as the
typical temperature for any month in the distributions. So, 63 or 64 degrees should represent all of the
months’ temperatures fairly closely. However, the temperatures in New York City in the winter months are in
the 40s and in the summer months are in the 80s. The mean of 63 isn’t too close to those temperatures.
Therefore, the mean is not a good indicator of typical monthly temperature. The mean is a much better
indicator of the typical monthly temperature in San Francisco because the variability of the temperatures
there is much smaller.
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Exercises 8—-14

Consider the following two distributions of times it takes six students to get to school in the morning, and to
go home from school in the afternoon.

Time (minutes)
Morning 1112|114 |14 |16 | 17
Afternoon | 6 | 10 | 13 |18 | 18 | 19

8. To visualize the means and variability, draw dot plots for each of the two distributions.

Morning

] G Fi 8 g 10 11 12 1¥ 14 I35 16 1F¥ 18 19 20
Time (minutes)

Afternoon

3 6 7 8 ¢ 10 11 12 1¥ 14 15 16 1¥ 18 19 20
Time (minutes)

9. What is the mean time to get from home to school in the morning for these six students?
10. What is the mean time to get from school to home in the afternoon for these six students?

11. For which distribution does the mean give a more precise indicator of a typical value? Explain your
answer.
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Distributions can be ordered according to how much the data values vary around their means.

Consider the following data on the number of green jellybeans in seven bags of jellybeans from each of five
different candy manufacturers (AllGood, Best, Delight, Sweet, Yum). The mean in each distribution is 42
green jellybeans.

112|134 |5|6]|7
AllGood | 40 | 40 | 41 | 42 | 42 | 43 | 46
Best 22131 |36|42|48| 53|62
Delight | 26 | 36 | 40 | 43 | 47 | 50 | 52
Sweet | 36|39 |42 |42 |42|44 |49
Yum 33 36|42 |42 |45 |48 |48

12. Draw a dot plot of the distribution of number of green jellybeans for each of the five candy makers. Mark
the location of the mean on each distribution with the balancing A symbol.

AllGood

20 25 30 35 40 45 a0 55 60 65
Number of Green Jelly Beans

Best

20 25 30 a5 40 45 30 35 &0 65
HNumber of Green Jelly Beans

Delight

20 25 30 a5 40 45 30 35 &0 65
HNumber of Green Jelly Beans
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Sweet

20 25 30 35 40 45 a0 55 60 65
Number of Green Jelly Beans

Yum

20 25 30 35 40 45 a0 55 60 65
Number of Green Jelly Beans

13. Order the candy manufacturers from the one you think has least variability to the one with most
variability. Explain your reasoning for choosing the order.

14. For which company would the mean be considered a better indicator of a typical value (based on least
variability)?
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Lesson 9: The Mean Absolute Deviation (MAD)

Classwork
Example 1: Variability

In Lesson 8, Robert tried to decide to which of two cities he would rather move, based on comparing their
mean annual temperatures. Since the mean yearly temperature for New York City and San Francisco turned
out to be about the same, he decided instead to compare the cities based on the variability in their monthly
temperatures from the overall mean. He looked at the two distributions and decided that the New York City
temperatures were more spread out from their mean than were the San Francisco temperatures from their
mean.

Exercises 1-3

The following temperature distributions for seven other cities all have a mean temperature of approximately
63 degrees. They do not have the same variability. Consider the following dot plots of the mean yearly
temperatures of the seven cities in degrees Fahrenheit.

City A City B City C

30 35 40 45 50 55 60 65 70 75 80 8 90 30 35 40 45 50 S5 60 6 70 75 80 8 9 | 3 35 40 45 50 55 60 65 70 75 8 8 90

Temperature (degrees F) Temperature (degrees F) Temperature (degrees F)
City D City E City F
Y L]
. .
Y L]
) L]
L] L]
) L]
® . L4 [] L]
® L] L [ L]
Ld L] L L] . [ L]
[ . o o Ld L hd 30 35 4 45 50 55 60 65 70 75 8 8 90 30 35 40 45 50 55 60 65 70 75 8 8 90
30 35 40 45 50 55 60 65 70 75 80 8 90 Temperature (degrees F) Temperature (degrees F)

Temperature (degrees F)

City G

L]

L] L

30 35 40 45 50 55 60 65 70 75 80 85 90
Temperature (degrees F)
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1. Which distribution has the smallest variability of the temperatures from its mean of 63 degrees? Explain
your answer.

2. Which distribution(s) seems to have the most variability of the temperatures from the mean of 63
degrees? Explain your answer.

3. Order the seven distributions from least variability to most variability. Explain why you listed the
distributions in the order that you chose.

Example 2: Measuring Variability

Based on just looking at the distributions, there are different orderings of variability that seem to make some
sense. Sabina is interested in developing a formula that will give a number that measures the variability in a
data distribution. She would then use the formula for each data set and order the distributions from lowest
to highest. She remembers from a previous lesson that a deviation is found by subtracting the mean from a
data point. The formula was summarized as: deviation = data point — mean. Using deviations to develop a
formula measuring variability is a good idea to consider.

Exercises 4-6

The dot plot for the temperatures in City G is shown below. Use the dot plot and the mean temperature of
63 degrees to answer the following questions.

City G

[ ]

L] o o

30 35 40 45 50 55 60 65 70 75 8 8 90
Temperature (degrees F)
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4. Fillin the following table for City G temperature deviations.

Temp | Deviation | Result
53 53—-63 | —10

57 57 - 63 -6
60 60 — 63 -3
60 60 — 63 -3
64 64 — 63 +1
64 64 — 63 +1
64
64
64
68
68
70

Sum

5. Why should the sum of your deviations column be equal to zero? (Hint: Recall the balance interpretation
of the mean of a data set.)

6. Another way to graph the deviations is to write them on a number line as follows. What is the sum of the
positive deviations (the deviations to the right of the mean)? What is the sum of the negative deviations
(the deviations to the left of the mean)? What is the total sum of the deviations?

+1
+1
+1
-3 +1 +5
-10 -6 -3 +1 +5 +7
5354555657 58596061626364656667 686970
A
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Example 3: Finding the Mean Absolute Deviation (MAD)

By the balance interpretation of the mean, the sum of the deviations for any data set will always be zero.
Sabina is disappointed that her idea of developing a measure of variability using deviations isn’t working. She
still likes the concept of using deviations to measure variability, but the problem is that the sum of the
positive deviations is cancelling out the sum of the negative deviations. What would you suggest she do to
keep the deviations as the basis for a formula but to avoid the deviations cancelling out each other?

Exercises 7-8

7. One suggestion to possibly help Sabina is to take the absolute value of the deviations.

a. Fillin the following table.

Temp Deviation Result Abs
53 53-63 -10 +10
57 57 - 63 -6 +6
60 60 — 63 -3 +3
60 60 — 63 -3 +3
64 64 — 63 +1 +1
64 64 — 63 +1 +1
64
64
64
68
68
70

b. From the following graph, what is the sum of the absolute deviations?

+1
+1
+1
+3 +1 +5
+10 +6 +3 +1 +5  +7
5354555657585960616263646566067686970

A
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c. Sabina suggests that the mean of the absolute deviations could be a measure of the variability in a
data set. Its value is the average distance that all the data values are from the mean temperature. It
is called the Mean Absolute Deviation and is denoted by the letters, MAD. Find the MAD for this
data set of City G temperatures. Round to the nearest tenth.

d. Find the MAD for each of the temperature distributions in all seven cities, and use the values to
order the distributions from least variability to most variability. Recall that the mean for each data
set is 63 degrees. Does the list that you made in Exercise 2 by just looking at the distributions match
this list made by ordering MAD values?

e. Which of the following is a correct interpretation of the MAD?
i.  The monthly temperatures in City G are spread 3.7 degrees from the approximate mean of 63
degrees.

ii. The monthly temperatures in City G are, on average, 3.7 degrees from the approximate mean
temperature of 63 degrees.

iii. The monthly temperatures in City G differ from the approximate mean temperature of 63
degrees by 3.7 degrees.
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8. The dot plot for City A temperatures follows.

City A

30 35 40 45 50 55 60 65 70 75 8 8 90
Temperature (degrees F)

a. How much variability is there in City A’s temperatures? Why?

b. Does the MAD agree with your answer in part (a)?
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Lesson 10: Describing Distributions Using the Mean and MAD

Classwork
Example 1: Describing Distributions

In Lesson 9, Sabina developed the mean absolute deviation (MAD) as a number that measures variability in a
data distribution. Using the mean and MAD with a dot plot allows you to describe the center, spread, and
shape of a data distribution. For example, suppose that data on the number of pets for ten students is shown
in the dot plot below.

[ ]

- : :
3 4 5 ] iz 8
Humber of Pets

el T T 1 1]

There are several ways to describe the data distribution. The mean number of pets each student has is three,
which is a measure of center. There is variability in the number of pets the students have, which is an
average of 2.2 pets from the mean (the MAD). The shape of the distribution is heavy on the left and it thins
out to the right.

Exercises 1-4

1. Suppose that the weights of seven middle-school students’ backpacks are given below.

a. Fillin the following table.

Student Alan Beth Char Dar:no Elisha Fred Ge:rg|
Weigh
et |\ 45 | 18 | 18 | 18 | 18 | 18 | 18
(Ibs.)
Deviations
Absolute
Deviations

b. Draw a dot plot for these data and calculate the mean and MAD.
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c. Describe this distribution of weights of backpacks by discussing the center, spread, and shape.

2. Suppose that the weight of Elisha’s backpack is 17 pounds, rather than 18.
a. Draw a dot plot for the new distribution.

b. Without doing any calculation, how is the mean affected by the lighter weight? Would the new
mean be the same, smaller, or larger?

¢.  Without doing any calculation, how is the MAD affected by the lighter weight? Would the new MAD
be the same, smaller, or larger?

3. Suppose that in addition to Elisha’s backpack weight having changed from 18 to 17 Ib., Fred’s backpack
weight is changed from 18 to 19 Ib.

a. Draw a dot plot for the new distribution.
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b. Without doing any calculation, what would be the value of the new mean compared to the original
mean?

¢.  Without doing any calculation, would the MAD for the new distribution be the same, smaller, or
larger than the original MAD?

d. Without doing any calculation, how would the MAD for the new distribution compare to the one in
Exercise 2?

4. Suppose that seven second-graders’ backpack weights were:

Student Alice Bob Carol Dar:no Ed Felipe Gale
Weight
(Ibs.) 5 5 5 5 5 5 5

a. How isthe distribution of backpack weights for the second-graders similar to the original distribution
for sixth-graders given in Exercise 1?

b. How are the distributions different?
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Example 2: Using the Mean Versus the MAD

Decision-making by comparing distributions is an important function of statistics. Recall that Robert is trying
to decide whether to move to New York City or to San Francisco based on temperature. Comparing the
center, spread, and shape for the two temperature distributions could help him decide.

Dot Plot of Temperature for New York City Dot Plot of Temperature for San Francisco
] ' et o e : . : se s s¥s Zess ; : ;
40 45 50 55 60 63 70 73 80 85 40 45 50 55 60 65 70 75 80 a5
Temperature (degrees F) Temperature (degrees F)

From the dot plots, Robert saw that monthly temperatures in New York City were spread fairly evenly from
around 40 degrees to the 80s, but in San Francisco the monthly temperatures did not vary as much. He was
surprised that the mean temperature was about the same for both cities. The MAD of 14 degrees for New
York City told him that, on average, a month’s temperature was 14 degrees above or below 63 degrees. That
is a lot of variability, which was consistent with the dot plot. On the other hand, the MAD for San Francisco
told him that San Francisco’s monthly temperatures differ, on average, only 3.5 degrees from the mean of 64
degrees. So, the mean doesn’t help Robert very much in making a decision, but the MAD and dot plot are
helpful.

Which city should he choose if he loves hot weather and really dislikes cold weather?
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Exercises 5-7

5. Robert wants to compare temperatures for Cities B and C.

J FIM|A | M| JJA|S|O|N|D
CityB |54 |54 |58 |63 |63|68|72|72|72|63|63|54
CityC|54 |44 |54 |61|63|72|78|85|78|59|54|54

a. Draw a dot plot of the monthly temperatures for each of the cities.

b. Verify that the mean monthly temperature for each distribution is 63 degrees.

c. Find the MAD for each of the cities. Interpret the two MADs in words and compare their values.

6. How would you describe the differences in the shapes of the monthly temperature distributions of the
two cities?
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7. Suppose that Robert had to decide between Cities D, E, and F.

J FIM|A|M]| I JJA|S|O|N| D | Mean| MAD
CityD | 54 |44 |54 |59 |63 |72|78|87|78|59|54|54| 63 10.5
CityE |56 |56 |56 |56 |56 |84 |84 |84 |56|56|56|56| 63 10.5
CityF |42 42|70|70|70|70|70|70|70|70|70|42| 63 10.5

a. Draw dot plots for each distribution.

b. Interpret the MAD for the distributions. What does this mean about variability?

¢. How will Robert decide to which city he should move? List possible reasons Robert might have for
choosing each city.
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Lesson 11: Describing Distributions Using the Mean and MAD

Classwork
Example 1: Comparing Distributions with the Same Mean

In Lesson 10, a data distribution was characterized mainly by its center (mean) and variability (MAD). How
these measures help us make a decision often depends on the context of the situation. For example, suppose
that two classes of students took the same test and their grades (based on 100 points) are shown in the
following dot plots. The mean score for each distribution is 79 points. Would you rather be in Class A or
Class B if you had a score of 797

* &
[ ] [ ] [ ] [ ] * &
T ? [ ] [ ] T [ ] T & & & B ? [ ] T & & & 1
a0 a5 70 73 a0 85
Class A Scores
[ ]
L L]
- . @ - @
* & & & @
" & & & @
[ ] " & -
T T T T ¥ ¥ . T ¥ T
=0} 65 70 75 80 85

Class B Scores

Exercises 1-6

1. Looking at the dot plots, which class has the greater MAD? Explain without actually calculating the MAD.

2. If Liz had one of the highest scores in her class, in which class would she rather be? Explain your
reasoning.

3. If Logan scored below average, in which class would he rather be? Explain your reasoning.
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Exercises 4—6

Your little brother asks you to replace the battery in his favorite remote control car. The car is constructed so
that it is difficult to replace its battery. Your research of the lifetimes (in hours) of two different battery
brands (A and B) shows the following data for 20 batteries from each brand:

A 12|14 (14 |15|16 (17|17 |18 |19 |20 (21|21 |23 |23 |24 |24 |24 |25|26|27
B |18]18|19|19(19|19(19(19|20|20|20|20|20|21|21|21|21|22|22|22

4. To help you decide which battery to purchase, start by drawing a dot plot for each brand.

5. Find the mean battery life for each brand and compare them.

6. Looking at the variability of each data set shown in its dot plot, give one reason you would choose Brand
A. What is one reason you would choose Brand B? Explain your reasoning.
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Example 2: Comparing Distributions with Different Means

You have been comparing distributions that have the same mean, but different variability. As you have seen,
deciding whether large variability or small variability is best depends on the context and on what is being
asked. For example, in Exercise 2, Liz preferred to be in the distribution with more variability because she had
one of the highest scores in the class. Thus, her score would have been higher had she been in Class A than
had she been in Class B. Logan, on the other hand, preferred the class with lesser variability (i.e., Class B),
since his score was below average.

If two data distributions have different means, how does a measure of variability play a part in making
decisions?

Exercises 7-9

Suppose that you wanted to answer the following question: Are field crickets better predictors of
atmospheric temperature than katydids are? Both species of insect make chirping sounds by rubbing their
front wings together.

The following data are the number of chirps (per minute) for 10 insects each. All the data were taken on the
same evening at the same time.

Insect 1 2 3|14 |5 6 | 71181910
Crickets | 35|32 (35|37 |34|34|38|35|36]| 34
Katydids | 66 | 62 | 61 | 64 | 63 | 62 | 68 | 64 | 66 | 64

7. Draw dot plots for these two data distributions using the same scale, going from 30 to 70. Visually, what
conclusions can you draw from the dot plots?

COMMON Module: Statistics n
Il cort Date: s engage™

) This work is licensed under a
© 2013 Common Core, Inc. Some rights reserved. commoncore.org ﬁ:c BY-NC-SA Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

S.49




NYS COMMON CORE MATHEMATICS CURRICULUM Student Classwork m

8. Calculate the mean and MAD for each distribution.

9. The outside temperature T can be predicted by counting the number of chirps made by these insects.

a. Forcrickets, T is found by adding 40 to its mean number of chirps per minute. What value of T is
being predicted by the crickets?

b. For katydids, T is found by adding 161 to its mean number of chirps per minute and then dividing
the sum by 3. What value of T is being predicted by the katydids?

c. The temperature was 75 degrees when these data were recorded, so using the mean from each data
set gave an accurate prediction of temperature. If you were going to use the number of chirps from
a single cricket or a single katydid to predict the temperature, would you use a cricket or a katydid?
Explain how variability in the distributions of number of chirps played a role in your decision.

COMMON Module: Statistics n
I CORE Date: 7/7/15 eng'age y

) This work is licensed under a
© 2013 Common Core, Inc. Some rights reserved. commoncore.org ﬁ:c BY-NC-SA Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

S.50



NYS COMMON CORE MATHEMATICS CURRICULUM Student Classwork m

Lesson 12: Describing the Center of a Distribution Using the Median

How do we summarize a data distribution? What provides us with a good description of the data? The
following exercises help us to understand how a numerical summary answers these questions.

Classwork
Example 1: The Median—A Typical Number

Suppose a chain restaurant (Restaurant A) advertises that a typical number of french fries in a large bag is 82.
The graph shows the number of french fries in selected samples of large bags from Restaurant A.

65 720 75 '8 8 9 95

Number of French Fries in a Large Bag (Restaurant A)

Exercises 1-3

1. You just bought a large bag of fries from the restaurant. Do you think you have 82 french fries? Why or
why not?

2. How many bags were in the sample?
3.  Which of the following statements would seem to be true given the data? Explain your reasoning.
a. Half of the bags had more than 82 fries in them.
b. Half of the bags had fewer than 82 fries in them.
c.  More than half of the bags had more than 82 fries in them.
d. More than half of the bags had fewer than 82 fries in them.

e. If you got a random bag of fries, you could get as many as 93 fries.
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Example 2: The Median

Sometimes it is useful to know what point separates a data distribution into two equal parts, where one part
represents the larger “half” of the data values and the other part represents the smaller “half” of the data
values. This point is called the median. When the data are arranged in order from smallest to largest, the
same number of values will be above the median as are below the median.

Exercises 4-7

4. Suppose you were trying to convince your family that you needed a new pair of tennis shoes. After
checking with your friends, you argued that half of them had more than four pairs of tennis shoes, and
you only had two pairs. Give another example of when you might want to know that a data value is a
half-way point? Explain your thinking.

5. Use the information from the dot plot in Example 1. The median number of fries was 82.

a. What percent of the bags have more fries than the median? Less than the median?

b. Suppose the bag with 93 fries was miscounted and there were only 85 fries. Would the median
change? Why or why not?

c. Suppose the bag with 93 fries really only had 80 fries. Would the median change? Why or why not?
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6. The owner of the chain decided to check the number of french fries at another restaurant in the chain.
Here is the data for Restaurant B: 82,83,83,79, 85,82,78,76,76,75,78,74,70,60,82,82,83,83,83.

a. How many bags of fries were counted?

b. Sallee claims the median is 75 as she sees that 75 is the middle number in the data set listed above.
She thinks half of the bags had fewer than 75 fries. Do you think she would change her mind if the
data were plotted in a dot plot? Why or why not?

c. Jake said the median was 83. What would you say to Jake?

d. Betse argued that the median was halfway between 60 and 85 or 72.5. Do you think she is right?
Why or why not?

e. Chris thought the median was 82. Do you agree? Why or why not?

7. Calculate the mean and compare it to the median. What do you observe about the two values? If the
mean and median are both measures of center, why do you think one of them is lower than the other?
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Exercises 8-10: Finding Medians from Frequency Tables

8. Athird restaurant (Restaurant C) tallied a sample of bags of french fries and found the results below.

Number of fries Frequency
75 |
76 |
77 |
78 |11
79 [T
80 |11
81 |
82 |
83
84 |1
85 |1
86 |

a. How many bags of fries did they count?

b. What is the median number of fries for the sample of bags from this restaurant? Describe how you
found your answer.

9. Robere decided to divide the data into four parts. He found the median of the whole set.

a. List the 13 values of the bottom half. Find the median of these 13 values.
b. List the 13 values of the top half. Find the median of these 13 values.

10. Which of the three restaurants seems most likely to really have 82 fries in a typical bag? Explain your
thinking.
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Lesson 13: Describing Variability using the Interquartile Range (IQR)

The median was used to describe the typical value of our data in Lesson 12. Clearly, not all of the data is
described by the value. How do we find a description of how the data vary? What is a good way to indicate
how the data vary when we use a median as our typical value? These questions are developed in the
following exercises.

Classwork
Exercises 1-4

1. InLesson 12, you thought about the claim made by a chain restaurant that the typical number of French
fries in a large bag was 82. Then, you looked at data on the number of fries in a bag from three of the
restaurants.

a. How do you think the data was collected and what problems might have come up in collecting the
data?

b. What scenario(s) would give counts that might not be representative of typical bags?

2. In Exercise 7 of Lesson 12, you found the median of the top half and the median of the bottom half of the
counts for each of the three restaurants. These were the numbers you found: Restaurant A—87.5 and
77; Restaurant B— 82 and 79; Restaurant C— 84 and 78. The difference between the medians of the two
halves is called the interquartile range or IQR.

a. Whatis the IQR for each of the three restaurants?

b. Which of the restaurants had the smallest IQR, and what does that tell you?

c. About what fraction of the counts would be between the quartiles? Explain your thinking.
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3. The medians of the lower and upper half of a data set are called quartiles. The median of the top half of
the data is called the upper quartile; the median of the bottom half of the data is called the lower
guartile. Do these names make sense? Why or why not?

a. Mark the quartiles for each restaurant on the graphs below.

©
Restaurant A —2—* . e I 20902 o oo
-
Ll L]
- .
Restaurant B 0:::9:33
L J
. o
* & 0 0 L B
Restaurant C . v :.:::;” ;:' ' v
68 72 76 80 84 88 92

Number of Fries in a Bag

b. Does the IQR help you decide which of the three restaurants seems most likely to really have 82 fries
in a typical bag? Explain your thinking.
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Example 1: Finding the IQR

Read through the following steps. If something does not make sense to you, make a note and raise it during
class discussion. Consider the data: 1,1,3,4,6,6,7,8,10,11,11,12,15,15,17,17,17

Creating an IQR:

I.  Order the data: The data is already ordered.
1,1,3,4,6,6,7,8,10,11,11,12,15,15,17,17,17

II.  Find the minimum and maximum: The minimum data point is 1, and the maximum is 17.
(11,3,4,6,6,7,8,10,11,11,12,15,15,17,17,4?

lll. Find the median: There are 17 data points so the 9" one from the smallest or from the largest will be
the median.

1,1,3,4,6,6,7,8,40,11,11,12,15,15,17,17,17

median
IV. Find the lower quartile and upper quartile: The lower quartile (Q1) will be half way between (the mean)
of the 4t" and 5t" data points (4 and 6), or 5 and the upper quartile (Q3) will be half way between the
13" and the 14" data points (15 and 15), or 15.

1L 34.06,7,810,11, 11,12, G,13,17, 17,17

Y

Qlis5 Q3is 15

V. Find the difference between Q3 and Q1: The IQR = 15—-5 = 10.
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Exercises 5-6

5. When should you use the IQR? The data for the 2012 salaries for the Lakers basketball team are given in
the two plots below (see problem 5 in the Problem Set from Lesson 12).

mean - MAD mean mean + MAD
J ;
[ ]
[ ] [ ]
veee L 1o o . . . ¢ . L
0 40 80 120 160 200 240 280

Salary (hundreds of thousands of dollars)

Q1 median Q3

(]

(]
L e e of . . 9 . *
0 40 80 120 160 200 240 280

Salary (hundreds of thousands of dollars)

a. The data are given in hundreds of thousands of dollars. What would a salary of 40 hundred
thousand dollars be?

b. The vertical lines on the top plot show the mean and the mean + the MAD. The bottom plot shows
the median and the IQR. Which interval is a better picture of the typical salaries? Explain your
thinking.
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Lesson 14: Summarizing a Distribution Using a Box Plot

A box plot is a graph that is used to summarize a data distribution. What does the box plot tell us about the
data distribution? How does the box plot indicate the variability of the data distribution?

Classwork
Example 1: Time to Get to School

What is the typical amount of time it takes for a person in your class to get to school? The amount of time it
takes to get to school in the morning varies for each person in your class. Take a minute to answer the
following questions. Your class will use this information to create a dot plot.

Write your name and an estimate of the number of minutes it took you to get to school today on a post-it
note.

What were some of the things you had to think about when you made your estimate?

Exercises 1-4

Here is a dot plot of the estimates of the times it took students in Mr. S’s class to get to school one morning.

Mr. S's Class

Ll Ld
L T L
0 5 10 15 20 25 30 35 40 45 50 55 60 65

Time (minutes)
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6. Putalinein the dot plot that seems to separate the shortest times and the longest times.

7. Put another line in the plot that separates those who seem to live really close to school and one that
marks off those who took a long time to get to school.

8. Your plot should be divided into four sections. Record the number of times in each of the four sections.

9. Share your marked up dot plot with some of your classmates. Compare how each of you divided the plot
into four sections.

Exercises 5-7: Time to Get to School

The teacher asked the class to make a representation that would summarize the times it took students in Mr.
S’s class to get to school and how they are spread out. Tim decided to get rid of the dots and just use a
picture of the divisions he made of the shortest times and the longest times. He put a box around the two
middle sections.

Tanya thought that was a good idea and made a picture of the way she had divided the times. Here are their
pictures.

Tanya's Picture Tim's Picture
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 5 10 1% 20 25 30 35 40° 45 50 55 60 65 0 5 100 35 20 25 30 35 40 45 S0 55 607 65
Time (minutes) Time (minutes)

10. What do the pictures tell you about the length of time it takes the students to get to school?

11. What don’t the pictures tell you about the length of time it takes the students to get to school?

COMMON Module: Statistics n
Il cort Date: s engage™

) This work is licensed under a
© 2013 Common Core, Inc. Some rights reserved. commoncore.org ﬁ:c BY-NC-SA Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

S.60



NYS COMMON CORE MATHEMATICS CURRICULUM

12. How do the two pictures compare?

Example 2: Making a Box Plot

Student Classwork m

Mr. S suggested that to be sure everyone had the same picture, statisticians developed a standard procedure

for making the cut marks for the sections.
Mr. S. wrote the following on the board:
To make a box plot

=  Find the median of all of the data

=  Find Q1, the median of the bottom half of the data, and Q3, the median of the top half of the data.
=  Draw a box that goes from Q1 to Q3, the two middle sections.

=  Draw a line segment connecting the minimum value to the box and one that connects the maximum

value to the box.

Now use the given number line to make a box plot of the data below.

20, 21, 25, 31, 35, 38, 40, 42, 44

15 20 25 30 35
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The 5-number
summary is as follows:

Min =20
Ql1=23
Median = 35
Q3=41
Max = 44
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Exercises 8—11: A Human Box Plot

Consider again your post-it note that you used to write down the number of minutes it takes you to get to
school. If possible, you and your classmates will form a human box plot of the number of minutes it takes

your class to get to school.

13. Find the median of the group. Does someone represent the median? If not, who is the closest to the
median?

14. Find the maximum and minimum of the group. Who are they?

15. Find Q1 and Q3 of the group. Does anyone represent Q1 or Q3? If not, who is the closest to Q1? Who is
closest to Q37

16. Sketch the box plot for this data set below.
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Lesson 15: More Practice with Box Plots

You reach into a jar of Tootsie Pops. How many Tootsie Pops do you think you could hold in one hand? Do
you think the number you could hold is greater than or less than what other students can hold? Is the
number you could hold a typical number of Tootsie Pops? This lesson examines these questions.

Classwork
Example 1: Tootsie Pops

As you learned earlier, the five numbers that you need to make a box plot are the minimum, the lower
quartile, the median, the upper quartile, and the maximum. These numbers are called the 5-number
summary of the data.

Ninety-four people were asked to grab as many Tootsie Pops as they could hold. Here is a box plot for these
data. Are you surprised?

5 10 1= 20 = S 3 40 45
Murmber of Towbsie Pops

Exercises 1-5

1. What might explain the variability in how many Tootsie Pops those 94 people were able to hold?
2. Estimate the values in the 5-number summary from the box plot.

3. Describe how the box plot can help you understand the difference in the number of Tootsie Pops people
could hold.
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4. Here is Jayne’s description of what she sees in the plot. Do you agree or disagree with her description?
Explain your reasoning.
“One person could hold as many as 42 Tootsie Pops. The number of Tootsie Pops people could hold was
really different and spread about equally from 7 to 42. About one half of the people could hold more
than 20 Tootsie Pops.”

5. Here is a different plot of the same data on the number of Tootsie Pops 94 people could hold.

7 91 34 42
= k¥ * =
5 10 15 20 = Y = £ £
Mumiber of Tootsie Pops

a.  Why do you suppose the five values are separate points and are labeled?

b. Does knowing these data values change anything about your responses to Exercises 1 to 4 above?
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Exercises 6-10: Maximum Speeds

The maximum speeds of selected birds and land animals are given in the tables below.

Bird Speed (mph) Land animal Speed (mph)
Peregrine falcon 242 Cheetah 75
Swift bird 120 Free-tailed bat (in flight) 60
Spine-tailed swift 106 Pronghorn antelope 55
Whlte—th.roated 105 Lion 50
needletail
Eurasian hobby 100 Wildebeest 50
Pigeon 100 Jackrabbit 44
Frigate bird 95 African wild dog 44
Spur-winged goose 88 Kangaroo 45
Red-breasted merganser 80 Horse 43.97
Canvasback duck 72 Thomson's gazelle 43
Anna's Hummingbird 61.06 Greyhound 43
Ostrich 60 Coyote 40
Mule deer 35
Grizzly bear 30
Cat 30
Elephant 25
Pig 9

Data Source: Natural History Magazine, March 1974, copyright 1974; The American Museum of Natural
History; and James G. Doherty, general curator, The Wildlife Conservation Society;
http://www.thetravelalmanac.com/lists/animals-speed.htm; http://en.wikipedia.org/wiki/Fastest _animals

6. Asyou look at the speeds, what strikes you as interesting?
7. Do birds or land animals seem to have the greatest variability in speeds? Explain your reasoning.

8. Find the 5-number summary for the speeds in each data set. What do the 5-number summaries tell you
about the distribution of speeds for each data set?
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9. Use the 5-number summaries to make a box plot for each of the two data sets.

0 25 50 75 100 125 150 175 200 225 250

Maximum speed of land animals (mph)

0 25 50 75 100 125 150 175 200 225 250

Maximum speed of birds (mph)

10. Write several sentences to tell someone about the speeds of birds and land animals.
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Exercises 11-15: What is the Same and What is Different?

Consider the following box plots, which show the number of questions different students in three different
classes got correct on a 20-question quiz.

s — | -

Class 2 - | | |

Class 3 - — | |

4 6 8 10 2 14 16 18 20
Number Correct

11. Describe the variability in the scores of the three classes.

12. a. Estimate the interquartile range for each of the three sets of scores.
b. What fraction of students does the interquartile range represent?

¢.  What does the value of the IQR tell you about how the scores are distributed?
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13. The teacher asked students to draw a box plot with a minimum value at 34 and a maximum value at 64
that had an interquartile range of 10. Jeremy said he could not draw just one because he did not know
where to put the box on the number line. Do you agree with Jeremy? Why or why not?

14. Which class do you believe performed the best? Be sure to use the data from the box plots to back up
your answer.

15. a. Findthe IQR for the three data sets in the first two examples: maximum speed of birds, maximum
speed of land animals and the number of Tootsie Pops.

b. Which data set had the highest percentage of data values between the lower quartile and the upper
quartile? Explain your thinking.
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Lesson 16: Understanding Box Plots

Classwork
Exercise 1: Supreme Court Chief Justices

The Supreme Court is the highest court of law in the United States, and it makes decisions that affect the
whole country. The Chief Justice is appointed to the Court and will be a justice the rest of his or her life
unless he or she resigns or becomes ill. Some people think that this gives the Chief Justice a very long time to
be on the Supreme Court. The first Chief Justice was appointed in 1789.

The table shows the years in office for each of the Chief Justices of the Supreme Court as of 2013:

Name Years Appointed in
John Jay 6 1789
John Rutledge 1 1795
Oliver Ellsworth 4 1796
John Marshall 34 1801
Roger Brooke Taney 28 1836
Salmon P. Chase 9 1864
Morrison R. Waite 14 1874
Melville W. Fuller 22 1888
Edward D. White 11 1910
William Howard Taft 9 1921
Charles Evens Hughes 11 1930
Harlan Fiske Stone 5 1941
Fred M. Vinson 7 1946
Earl Warren 16 1953
Warren E. Burger 17 1969
William H. Rehnquist 19 1986
John G. Roberts 8 2005

Data Source: http://en.wikipedia.org/wiki/List of Justices of the Supreme Court of the United States

1. Use the table to answer the following:

a. Which Chief Justice served the longest term and which served the shortest term? How many years
did each of these Chief Justices serve?

b. Whatis the median number of years these Chief Justices have served on the Supreme Court?
Explain how you found the median and what it means in terms of the data.
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c. Make a box plot of the years the justices served. Describe the shape of the distribution and how the
median and IQR relate to the box plot.

d. Isthe median half way between the least and the most number of years served? Why or why not?

Exercises 2-3: Downloading Songs

2. A broadband company timed how long it took to download 232 four-minute songs on a dial up
connection. The dot plot below shows their results.

4 B B

» - » - $ - - * 3 .: ..- .o * ° 3
8 9 10 11 12 13 14 15 16 17 18
Dial Up Download Times (minutes)

~N

a. What can you observe about the download times from the dot plot?

b. Isit easy to tell whether or not 12.5 minutes is in the top quarter of the download times?

c. The box plot of the data is shown below. Now answer parts (a) and (b) above using the box plot.

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Dial Up Download Times (minutes)
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d. What are the advantages of using a box plot to display a large set of data? What are the
disadvantages?

3. Molly presented the plots below to argue that using a dial up connection would be better than using a
broadband connection. She argued that the dial up connection seems to have less variability around the
median even though the overall range seems to be about the same for the download times using
broadband. What would you say?

i 5 6 7 & 9 10 11 12 13 14 15 16 17 18 15 20 25 30 35 40 45 50 55 60 65 70 7.5
Dial Up Download Times (minutes) Br > Times ( )

Exercises 4-5: Rainfall

4. Data on average rainfall for each of the twelve months of the year were used to construct the two dot
plots below.

St. Louis L *
L]

San Francisco —1**———*—* + T T T T .
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

Average Monthly Precipitation (inches)

a. How many data points are in each dot plot? What does each data point represent?
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b. Make a conjecture about which city has the most variability in the average monthly amount of
precipitation and how this would be reflected in the IQRs for the data from both cities.

c. Based on the dot plots, what are the approximate values of the interquartile ranges (IQR) of the
amount of average monthly precipitation in inches for each city? Use each IQR to compare the
cities.

d. Inan earlier lesson, the average monthly temperatures were rounded to the nearest degree
Fahrenheit. Would it make sense to round the amount of precipitation to the nearest inch? Why or
why not?
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5. Use the data from Exercise 4 to answer the following.

a. Make a box plot of the amount of precipitation for each city.

Student Classwork m

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
Average Monthly Precipitation in St. Louis (inches)
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

Average Monthly Precipitation in San Francisco (inches)

b. Compare the percent of months that have above 2 inches of precipitation for the two cities. Explain

your thinking.

c. How do the top fourths of the average monthly precipitation in the two cities compare?

d. Describe the intervals that contain the smallest 25% of the average monthly precipitation amounts

for each city.

e. Think about the dot plots and the box plots. Which representation do you think helps you the most

in understanding how the data vary?
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Lesson 18: Connecting Graphical Representations and Numerical
Summaries

It can be difficult to understand a data set by just looking at raw data. Imagine that Joaquin’s project is on
finding the typical weight of bears. He found an article about bears that provided an unsorted list of the
weights of 250 bears with no numerical summaries or graphs of these data. It would be very difficult to
quickly draw some conclusions. Joaquin decided to design his project using this data.

Now consider the case where the article provides you with a statement, "the median weight for the bears
studied was 305 pounds." This is useful, but sometimes even numerical summaries alone cannot completely
convey interesting aspects of a data distribution. Often, readers want to have a concise and useful summary
of the information that is both numerical and visual.

In the next couple of lessons, you will begin to take the graphical representations and numerical summaries
you learned and apply them to different situations.

Classwork
Example 1: Summary Information from Graphs

Recall that a dot plot includes a dot on a scale or number line for each observation in a data set. Dots are
stacked on top of one another when there are multiple occurrences of a data value. Recall also that a
histogram similarly uses a scale or number line to present the frequency or relative frequency of groups of
data based on intervals of equal width. For each interval, the height of the bar is proportional to the number
of observations in the interval; the taller the bar, the greater the number of observations in that interval. This
means that when both graphs are generated for a given data set, the two graphs will display some
similarities.

Here is a data set of the ages (in years) of 43 participants in a recent local 5-kilometer race.

20 30f 30f 35| 36| 34] 38] 46
45( 18] 43| 23| 47( 27| 21| 30
321 32 31} 32 36| 74 41] 41
51 61f 50| 34| 34| 34] 35| 28
57 26f 29| 49| 41 36| 37| 41
38 30f 30
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Here are some summary statistics, a histogram, and a dot plot for the data:

Minimum =18, Q1 = 30, Median = 35, Q3 = 41, Maximum = 74; Mean = 36.81, MAD = 8.1

: [ ] [ ]
. @ [ ] [ ] [ ]
[ I} aaa & [ ]

L] s & (LB IR RN Y] (LR LR LI LA N} L X L] L] L]
18 24 30 36 42 48 54 &0 il 72
Ages

14 4
124
104
)
§ o —
T
L]
E 61
44
2_
] 10 20 30 40 50 60 70 80
Age (years)

Exercises 1-7

1. Based on the histogram, would you describe the shape of the data distribution as approximately
symmetric or as skewed? Would you have reached this same conclusion looking at the dot plot?

2. s it easier to see the shape of the data distribution from the histogram or the dot plot?

3. What is something you can see in the dot plot that is not as easy to see in the histogram?
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4. Do the dot plot and the histogram seem to be centered in about the same place? Explain.

5. Do both the dot plot and the histogram convey information about the variability in the age distribution?
Explain.

6. If you did not have the original data set and only had the dot plot and the histogram, would you be able
to find the value of the median age from the dot plot?

7. Explain why you would only be able to estimate the value of the median if you only had a histogram of
the data.

Exercises 8-13: Graphs and Numerical Summaries

8. Suppose that a newspaper article was written about the race and the histogram of the ages from Example
1 was shown in the article. The writer stated, “The race attracted many older runners this year; the
median age was 45.” Explain how we would know that this is an incorrect statement based on just the
histogram.

144
124

104

Frequency

] 10 20 30 40 50 60 70 80
Age (years)
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One of the histograms below is another valid histogram for the runners’ ages. Select the correct
histogram, and explain how you determined which graph is valid (and which one is incorrect) based on

the summary measures and dot plot.

204 20

154 154

Frequency
-
=
Frequency
-
=

a 12 24 36 48 a0 72 84 i} 10 22 34 46 58 7ID 8‘2
Age (years) Age (years)

10. The histogram below represents the age distribution of the population of Kenya in 2010.

184
16 4
144
124

10 1
Percent

1] 10 20 30 40 50 60 70 80 90 100
Age (Kenya)

a. How do we know from the graph above that the first quartile (Q1) of this age distribution is between
5 and 9 years of age?

b. Someone believes that the median age is near 30. Explain how the graph supports this belief, OR
explain why the graph does not support this belief.
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11. The histogram below represents the age distribution of the population of the United States in 2010.
Based on the histogram, which of the following ranges do you think includes the median age for the
United States: 20-29,

30-39, or 40-49? Why?

8

7 ——

6

Percent
-

0 5 10 15 20 25 30 35 40 45 50 55 60 65 D 75 80 85 S0 95 100 105

Age (U.S.)
12. Use the histograms from Exercises 10 and 11 to answer the following:

a. Which country's age distribution (Kenya or United States) has a third quartile in the 50s? How did
you decide?

b. If someone believed that the average age of a person living in the United States was greater than the
average age of a person living in Kenya, how could you support that claim by comparing the
histograms?
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13. Match the following sets of summary measures with the corresponding dot plot. Only ONE dot plot
matches each group of summary measures. Explain why you selected the dot plot or why the other dot
plots would not represent the summary measures. Note: the same scale is used in each dot plot.
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Lesson 19: Comparing Data Distributions

As you have seen in previous lessons, it can be difficult to understand a data set just by looking at raw data.
Often, readers want to have a concise and useful summary.

This becomes extremely important when data distributions are compared to one another. While a reader
may be interested in knowing if a typical adult male polar bear in Alaska is larger than a typical adult male
grizzly bear in British Columbia, it would also be useful to be able to compare the variability and shape of the
distributions of these two groups of bears as well. With summary graphs of the two distributions placed side-
by-side, you can more easily assess and compare the characteristics of one distribution to the other
distribution.

Example 1: Comparing Groups Using Box Plots

Recall that a box plot is a visual representation of a 5-number summary. It is drawn with careful reference to
a number line, so the difference between any two values in the 5-number summary is represented visually as
a distance. For example, the box of a box plot is drawn so that width of the box represents the IQR. The
whiskers (the lines that extend from the box) are drawn such that the distance from the far end of one
whisker to the far end of the other whisker represents the range. If two box plots (each representing a
different distribution) were drawn side-by-side using the same scale, one could quickly compare the IQRs and
ranges of the two distributions while also gaining a sense of the 5-number summary values for each
distribution.

Here is a data set of the ages of 43 participants in a local 5-kilometer race (shown in a previous lesson).

201 30| 30] 35| 36| 34 38| 46
45( 18| 43| 23| 471 27 21| 30
32 32 31| 32 36| 74| 41] 41
511 61] 50| 34 34| 34 35| 28
57| 26| 29| 49 41| 36| 37| 41
38 30| 30

Here is the 5-number summary for the data: Minimum =18, Q1 = 30, Median = 35, Q3 =41, Maximum = 74.
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Later that year, the same town also held a 15-kilometer race. The ages of the 55 participants in that race
appear below.

47( 19 30f 30f 36f 37| 35 39
191 49| 47| 16| 45| 22| 50| 27
191 20| 30| 32| 32| 31| 32| 37
22| 81| 43| 43| 54 66| 53| 35
22| 35| 35| 36| 28] 61| 26| 29
38| 52 43| 37| 38 43| 39| 30
58| 30 48] 49| 54| 56| 58

Does the longer race appear to attract different runners in terms of age? Here are side-by-side box
plots that may help answer that question. Side-by-side box plots are two or more box plots drawn

5 KM Race -

15 KM Race -

10 20 30 40 50 60 70 80
Age (years)

Exercises 1-6

1. Based on the side-by-side box plots, estimate the 5-number summary for the 15-kilometer race data set.

2. Do the two data sets have the same median? If not, which race had the higher median age?
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3. Do the two data sets have the same IQR? If not, which distribution has the greater spread in the middle
50% of its distribution?

4. Which race had the smaller overall range of ages? What do you think the range of ages is for the 15-
kilometer race?

5.  Which race had the oldest participant? About how old was this participant?

6. Now consider just the youngest 25% of participants in the 15-kilometer race. How old was the youngest
runner in this group? How old was the oldest runner in this group? How does that compare with the 5-
kilometer race?
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Exercises 7-12: Comparing Box Plots

In 2012, Major League Baseball was comprised of two leagues: an American League of 14 teams and a
National League of 16 teams. It is believed that the American League teams would generally have higher
values of certain offensive statistics such as batting average and on-base percentage. (Teams want to have
high values of these statistics.) Use the following side-by-side box plots to investigate these claims. (Source:

American -

National 4

0.23 0.24 0.25 0.26 0.27 0.28
2012 Team Batting Average

http://mlb.mlb.com/stats/sortable.jsp accessed May 13, 2013)

7. Was the highest American League team batting average very different from the highest National League
team batting average? If so, approximately how large was the difference and which league had the
higher maximum value?

8. Was the range of American League team batting averages very different or only slightly different from the
range of National League team batting averages?

9. Which league had the higher median team batting average? Given the scale of the graph and the range
of the data sets, does the difference between the median values for the two leagues seem to be small or
large? Explain why you think it is small or large.

COMMON Module: Statistics n
Il cort Date: s engage™

) This work is licensed under a
© 2013 Common Core, Inc. Some rights reserved. commoncore.org ﬁ:c BY-NC-SA Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

S.84




NYS COMMON CORE MATHEMATICS CURRICULUM Student Classwork m

10. Based on the box plots below for on-base percentage, which 3 summary values (from the 5-number
summary) appear to be the same or virtually the same for both leagues?

American —

National

29 30 31 32 33 34
2012 Team On-Base Percentage

11. Which league's data set appears to have less variability? Explain.

12. Respond to the original statement: “It is believed that the American League teams would generally have
higher values of ... on-base percentage.” Do you agree or disagree based on the graphs above? Explain.
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Lesson 20: Describing Center, Variability, and Shape of a Data

Distribution from a Graphic Representation

Great Lakes Yellow Perch are fish that live in each of the five Great Lakes and many other lakes in the eastern
and upper Great Lakes regions of the United States and Canada. Both countries are actively involved in
efforts to maintain a healthy population of perch in these lakes.

Classwork
Example 1: The Great Lakes Yellow Perch

Scientists collected data from many samples of yellow perch because they were concerned about the survival
of the yellow perch. What data do you think researchers might want to collect about the perch?

Scientists captured yellow perch from a lake in this region. They recorded data on each fish, and then
returned each fish to the lake. Consider the following histogram of data on the length (in centimeters) for a
sample of yellow perch.

30

25

Frequency
- N
w o

[y
o

0 5 10 15 20 25 30 35
Length (cm)

Exercises 1-11
Scientists were concerned about the survival of the yellow perch as they studied the histogram.

1. What statistical question could be answered based on this data distribution? How do you think the
scientists collected these data?
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2. Use the histogram to complete the following table:

Number of
fish

Length of fish in
centimeters (cm)
0—< 5cm
5—< 10cm
10— < 15cm
15—-< 20cm
20—< 25cm
25—< 30cm

Student Classwork m

3. The length of each fish was measured and recorded before the fish was released back into the lake. How

many yellow perch were measured in this sample?

4. Would you describe the distribution of the lengths of the fish in the sample as a skewed data distribution
or as a symmetrical data distribution? Explain your answer.

5. What percentage of fish in the sample were less than 10 centimeters in length?

6. If the smallest fish in this sample were 2 centimeters in length, what is your estimate of an interval of
lengths that would contain the lengths of the shortest 25% of the fish? Explain how you determined your

answer.
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10.

11.

If the length of the largest yellow perch was 29 centimeters, what is your estimate of an interval of
lengths that would contain the lengths of the longest 25% of the fish?

Estimate the median length of the yellow perch in the sample. Explain how you determined your
estimate.

Based on the shape of this data distribution, do you think the mean length of a yellow perch would be
greater than, less than, or the same as your estimate of the median? Explain your answer.

Recall that the mean length is the balance point of the distribution of lengths. Estimate the mean length
for this sample of yellow perch.

The length of a yellow perch is used to estimate the age of the fish. Yellow perch typically grow
throughout their lives. Adult yellow perch have lengths between 10 and 30 centimeters. How many of
the yellow perch in this sample would be considered adult yellow perch? What percentage of the fish in
the sample are adult fish?
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Example 2: What Would a Better Distribution Look Like?

Yellow perch are part of the food supply of larger fish and other wild life in the Great Lakes region. Why do
you think that the scientists worried when they saw the histogram of fish lengths given above?

Sketch a histogram representing a sample of 100 yellow perch lengths that you think would indicate the
perch are not in danger of dying out?
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Exercises 12-17: Estimating the Variability in Yellow Perch Lengths

You estimated the median length of yellow perch from the first sample in Exercise 8. It is also useful to
describe variability in the length of yellow perch. Why might this be important? Consider the following
questions:

12. In several previous lessons, you described a data distribution using the 5-number summary. Use the
histogram and your answers to the questions in Exercise 2 to provide estimates of the values for the 5-
number summary for this sample:

Min or minimum value =
Q1 value =

Median =

Q3 value =

Max or maximum value =
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13. Based on the 5-number summary, what is an estimate of the value of the interquartile range (IQR) for this
data distribution?

14. Sketch a box plot representing the lengths of the yellow perch in this sample.

0 5 10 15 20 25 30 35
Length (cm)

15. Which measure of center, the median or the mean, is closer to where the lengths of yellow perch tend to
cluster?

16. What value would you report as a typical length for the yellow perch in this sample?

17. The mean absolute deviation (or MAD) or the interquartile range (IQR) are used to describe the variability
of a data distribution. Which measure of variability would you use for this sample of perch? Explain your
answer.
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Lesson 21: Summarizing a Data Distribution by Describing Center,

Variability, and Shape

Each of the lessons in this module is about data. What are data? What questions can be answered by data?
How do you represent the data distribution so that you can understand and describe its shape? What does
the shape tell us about how to summarize the data? What is a typical value of the data set? These questions,
and many others, were part of your work in the exercises and investigations. There is still a lot to learn about
what data tell us. You will continue to work with statistics and probability in grades seven and eight and
throughout high school. You have already, however, started to learn how to uncover the stories behind data.

When you started this module, the four steps used to carry out a statistical study were introduced:
Step 1: Pose a question that can be answered by data.
Step 2: Collect appropriate data.
Step 3: Summarize the data with graphs and numerical summaries.
Step 4: Answer the question posed in Step 1 using the numerical summaries and graphs.
In this lesson, you will carry out these steps using a given data set.
Classwork
Exploratory Challenge: Annual Rainfall in the State of New York

The National Climate Data Center collects data throughout the United States that can be used to summarize
the climate of a region. You can obtain climate data for a state, a city, a county, or a region. If you were
interested in researching the climate in your area, what data would you collect? Explain why you think this
data would be important as a statistical study of the climate in your area.

For this lesson, you will use yearly rainfall data for the state of New York that were compiled by the National
Climate Data Center. The following data are the number of inches of rain (averaged over various locations in
the state) for the years from 1983 to 2012 (30 years).

45|42 139 |44 |139|35|42 |49 |37 (42|41 |42|37|50] 39
41|38 |46 |34 |44 |48 |50 |47 |49 |44 |49 |43 |44 |54 |40

Use the four steps to carry out a statistical study using this data.
Step 1: Pose a question that can be answered by data.

What is a statistical question that you think can be answered with these data? Write your question in
the template provided for this lesson.
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Step 2: Collect appropriate data.

The data have already been collected for this lesson. How do you think these data were collected?
Recall that the data are the number of inches of rain (averaged over various locations in the state) for
the years from 1983 to 2012 (30 years). Write a summary of how you think the data were collected
in the template for this lesson.

Step 3: Summarize the data with graphs and numerical summaries.

A good first step might be to summarize the data with a dot plot. What other graph might you
construct? Construct a dot plot or another appropriate graph in the template for this lesson.

What numerical summaries will you calculate? What measure of center will you use to describe a
typical value for these data? What measure of variability will you calculate and use to summarize the
spread of the data? Calculate the numerical summaries and write them in the template for this
lesson.

Step 4: Answer your statistical question using the numerical summaries and graphs.

Write a summary that answers the question you posed in the template for this lesson
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Template for Lesson 21

Step 1: What is your statistical question?

Step 2: How do you think the data were collected?

Step 3: Construct graphs and calculate numerical summaries of the data.

Construct at least one graph of the data distribution. Calculate appropriate numerical summaries of
the data. Also indicate why you selected these summaries.

Step 4: Answer your statistical question using your graphs and numerical summaries.
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